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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium nickel 
cobalt manganese composite oxide with high 
characteristics and useful as a positive active material 
for a lithium ion secondary battery, its manufacturing 
method, and the lithium ion secondary battery using this 
composite oxide. 

SOLUTION: The lithium nickel cobalt manganese 
composite oxide is represented by the composition 
formula of Li[Ni1/3Co1/3Mn1/3]02 in which the actual 
atomic ratio of nickel, cobalt, and manganese is 1:1:1, 
has high crystalline layered structure of a rhombohedral 
system, and the length of a C axis belonging as a 
hexagonal system is 14.15 &angst; or more. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Positive active material for nonaqueous electrolyte secondary batteries which consists 
of a crystal grain child of an oxide of high crystallinity which contains a nickel element, a cobalt 
element, and a manganese element of the ratio substantially. 

[Claim 2]The positive active material for nonaqueous electrolyte secondary batteries according 
to claim 1, wherein said oxide contains lithium elements. 

[Claim 3]Claim 1, wherein an error of a ratio of a nickel element, a cobalt element, and a 
manganese element is less than ten atom %, or positive active material for nonaqueous 
electrolyte secondary batteries given in either of 2. 

[Claim 4]The positive active material for nonaqueous electrolyte secondary batteries according 
to any one of claims 1 to 3, wherein lithium elements, a nickel element and a cobalt element 
which are contained in said oxide, and a manganese element fill 0.97 <=Li/(nickel+Co+Mn) <=1.03. 

[Claim 5]A manufacturing method of the lithium nickel cobalt manganese multiple oxide according 
to any one of claims 1 to 4 characterized by comprising the following. 

An atomic ratio of nickel, cobalt, and manganese reacts to an alkali solution a mixed water 
solution of nickel salt, cobalt salt, and manganese salt which are 1:1:1 substantially under an inert 
gas atmosphere under existence of a complexing agent in solution of pH 9-13, The process 1 
from which it acts as Mr. [ coprecipitation ] and an atomic ratio of nickel, cobalt, and manganese 
obtains nickel cobalt manganese compound hydroxide and/or a nickel cobalt manganese multiple 
oxide which are 1:1:1 substantially. 

The process 2 of calcinating a mixture of said hydroxide and/or an oxide, and a lithium 
compound above 700 ** so that an atomic ratio of the sum total of nickel, cobalt, and 
manganese and an atomic ratio of lithium may be substantially set to 1:1. 

[Claim 6]A rechargeable lithium-ion battery containing the lithium nickel cobalt manganese 
multiple oxide according to any one of claims 1 to 4 as a positive-electrode-active-material 
ingredient. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a lithium nickel cobalt manganese multiple oxide 
useful as positive active material for rechargeable lithium-ion batteries which has the 
outstanding characteristic and a manufacturing method for the same, and the rechargeable 
lithiunrHon battery using it further. 
[0002] 

[Description of the Prior Art]In recent years, the request on the cell of small size, a light weight, 
and high energy density has become strong with the spread of cordless and portable AV 
equipment, personal computers, etc. also about the cell which are those power supplies for a 
drive. Since it is a cell which has high energy density, especially the lithium secondary battery is 
expected as a next-generation prime cell. Although LiCo0 2 which has the high tension of 4V as 

positive active material is used, since Co is expensive, the price of most lithium secondary 
batteries marketed now is high. What has the performance which was cheap from this, did not 
spoil the performance which was excellent in LiCo0 2 , or was more excellent is demanded. 

[0003] 

[Means for Solving the Problem]By this invention person's inquiring wholeheartedly that it should 
search for a substance which replaces LiCo02 which fills this request, and using a manufacturing 

method explained below, "ickel^Co^Mn^jj^] 0 2 whose atomic ratio of nickel, cobalt, and 

manganese is 1:1:1 substantially as 4 Class V positive active material — what has a 
presentation, It found out having the outstanding characteristic of versatility which applying to a 
rechargeable lithium-ion battery is expected. It finds out that a rechargeable lithium-ion battery 
which has the outstanding characteristic using a lithium manganese nickel multiple oxide 
concerning this this invention can be obtained, and came to complete this invention. 
[0004]That is, positive active material for nonaqueous electrolyte secondary batteries 
concerning this invention is positive active material for nonaqueous electrolyte secondary 
batteries which consists of a crystal grain child of an oxide who has the structure of high 
crystallinity which contains a nickel element, a cobalt element, and a manganese element of the 
ratio substantially. As for positive active material for nonaqueous electrolyte secondary batteries 
concerning this invention, said oxide contains lithium elements. Positive active material for 
nonaqueous electrolyte secondary batteries concerning this invention is characterized by an 
error of a ratio of a nickel element, a cobalt element, and a manganese element being less than 
ten atom %. Lithium elements, a nickel element and a cobalt element in which positive active 
material for nonaqueous electrolyte secondary batteries concerning this invention is contained in 
said oxide, and a manganese element fill 0.97 <=Li/(nickel+Co+Mn) <=1.03. Here as a crystal 
structure feature of positive active material for nonaqueous electrolyte secondary batteries 
concerning this invention, It has the layer structure, belongs to a rhombohedral system, and is 
characterized by being the single phase which the length of C axis which belonged as a 
hexagonal system is 14.15 A or more, and a nickel atom, a cobalt atom, and manganese atoms 
are distributing uniformly with an atom level. 
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[0005]A lithium nickel cobalt manganese multiple oxide concerning this invention shows a 
charge-and-discharge curve which is high capacity very much and is characterized by 4V class 
flat and low polarization. 

[0006]This invention provides a manufacturing method of a lithium nickel cobalt manganese 
multiple oxide in which said explained characteristic is shown. That is, a manufacturing method of 
positive active material for nonaqueous electrolyte secondary batteries of this invention 
comprises the following: 

They are the bottom of existence of a complexing agent, and nickel in solution of pH 9-13. 
Cobalt. 

Under an inert gas atmosphere, an atomic ratio with manganese reacts, and acts to an alkali 
solution as Mr. [ of the mixed water solution of nickel salt, cobalt salt, and manganese salt which 
are 1:1:1 substantially / coprecipitation ], and it is nickel. 

Cobalt and the process 1 from which an atomic ratio with manganese obtains nickel cobalt 
manganese compound hydroxide and/or a nickel cobalt manganese multiple oxide which are 1:1:1 
substantially, The process 2 of calcinating a mixture of said hydroxide and/or an oxide, and a 
lithium compound above 700 ** so that an atomic ratio of the sum total of nickel, cobalt, and 
manganese and an atomic ratio of lithium may be substantially set to 1:1. 

[0007] Furthermore, a rechargeable lithium-ion battery containing a lithium nickel cobalt 
manganese multiple oxide concerning said this invention as a positive-electrode-active-material 
ingredient is contained in this invention. This cell has a charging and discharging characteristic 
which is high capacity and is characterized by 4V class very flat and low polarization rather than 
before. Hereafter, it is based on an embodiment of the invention, and this invention is explained 
in detail. 
[0008] 

[Embodiment of the Invention]The manufacturing method of the lithium manganese nickel 
multiple oxide concerning manufacturing method this invention consists of the following two 
processes. 

(Process 1 ) In order that the atomic ratio of manufacture nickel of a raw material, cobalt, and 
manganese may obtain the raw material which is nickel cobalt manganese compound hydroxide 
and/or the nickel cobalt manganese multiple oxide which are 1:1:1 substantially, In the solution of 
pH 9-13, under existence of a complexing agent, the atomic ratio of nickel, cobalt, and 
manganese reacts and acts to an alkali solution as Mr. [ of the mixed water solution of nickel 
salt, cobalt salt, and manganese salt which are 1:1:1 substantially / coprecipitation ] The 
particles which the atomic ratio of nickel, cobalt, and manganese distributed uniformly with the 
atom level substantially by this coprecipitation Mr. method 1:1:1 can be obtained. 
[0009] Restriction in particular does not have formation of a complexing agent and a complex of 
the nickel ion which generates usable nickel salt in solution here what is necessary be just 
possible. Specifically, nickel sulfate, nickel nitrate, and nickel chloride are mentioned. Similarly 
restriction in particular does not have formation of a complexing agent and a complex of the 
cobalt ion which generates usable cobalt salt in solution what is necessary be just possible. 
Specifically, cobalt sulfate, a cobalt nitrate, and a cobalt chloride are mentioned. The manganese 
ion which usable manganese salt does not have restriction in particular, and is generated in 
solution just forms a complexing agent and a complex. Specifically, manganese sulfate, 
manganese nitrate, and a manganese chloride are mentioned. It is contained if the range of the 
atomic ratio of nickel, cobalt, and manganese is about plus-or-minus 10% in 1:1:1 substantially in 
this invention, respectively. This value can be correctly measured by the various metal analysis 
methods (for example, the ICP method). 

[0010]The pH value of solution has pH nine to 13 preferred range, and if it is necessity during a 
reaction, it is maintainable in this range by adding alkali metal hydroxide (for example, sodium 
hydroxide, a potassium hydrate). The complexing agent can form manganese ion and nickel ion, 
and a complex in solution, For example, an ammonium ion supply body, hydrazine (ammonium 
sulfate, ammonium chloride, ammonium carbonate, ammonium fluoride, etc.), 
ethylenediaminetetraacetic acid, nit lithograph triacetic acid, uracil 2 acetic acid, and a glycine 
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are mentioned. It is preferred to carry out under the atmosphere of inactive gas like nitrogen gas. 

[001 1](Process 2) The calcination by the baking process 2 so that the atomic ratio of the sum 
total of nickel of the raw material obtained at the process 1 and said raw material, cobalt, and 
manganese and the atomic ratio of lithium may be substantially set to 1:1, Preferably, it is 950- 
1 000 ** still more preferably, and calcination-among air air current heating of at least 700-1 000 
** of the mixtures [ 900-1000 ** of] obtained by mixing with a lithium compound is carried out. 
[001 2] Although there is no restriction in particular as an usable lithium compound, lithium 
hydroxide, lithium carbonate, a lithium nitrate, and lithium oxide are mentioned, for example. The 
mole ratio of a nickel cobalt manganese multiple oxide and a lithium compound is 1:1 
substantially. If said mole ratio is a range about plus-or-minus 10% (preferably 3%) in 1:1 
substantially, respectively, it is contained here. These values can be correctly measured by the 
various metal analysis methods (for example, the ICP method). Before calcinating, it is preferred 
to mix these enough. 

[0013]The baking apparatus used for composition of the usual LiMn 2 0 4 or LiNi0 2 can use it for 

calcination preferably. The usual atmospheric air of the atmosphere in the case of calcination is 
preferred. 

[0014]The scanning type electron microscope (henceforth SEM) photograph of nickel cobalt 
manganese compound hydroxide which is a raw material obtained by the manufacturing method 
process 1 of nickel cobalt manganese compound hydroxide this invention is shown in drawing 1 . 
The magnification of a photograph is 5000. A photograph shows that raw material particles are 
substantially spherical. It turns out that it fills up with primary particles densely. An example of 
the ultimate analysis value of a multiple oxide and other property values is shown in Table 1 . 
[0015] 

Table 1 set ** nickel(wt%) 21.1 Co (wt%). 21.1 Mn(wt%) 19.8 nickel (mol%). 33.4 Co(mol%) 33.2 Mn 
(mol%). 33.4 tap-density (g/cc) 1 .95 bulk density (g/cc) — 1 .23 particle diameter (micrometer) 
9.0 — specific surface area (m 2 /g) 13.5 S0 4 (%) 0.03 nickel:Co:Mn 1.00:1. 00:1. 00[0016]The result 

of having observed the shape of the lithium nickel cobalt manganese multiple oxide obtained by 
the manufacturing method of lithium nickel cobalt manganese multiple oxide t his invention by 
SEM is shown in drawing 2 . The magnification of a photograph is 5000. The X diffraction figure of 
the lithium nickel cobalt manganese multiple oxide ghost concerning this invention is shown in 
drawing 3 . Drawing 3 shows that the lithium nickel cobalt manganese multiple oxide obtained by 
the manufacturing method of this invention is the layer structure which has high crystallinity. 
[0017]The rechargeable lithium-ion battery of rechargeable lithium-ion battery this invention is a 
rechargeable lithium-ion battery containing said lithium nickel cobalt manganese multiple oxide as 
a positive-electrode-active-material ingredient. Since the lithium nickel cobalt manganese 
multiple oxide concerning this invention is contained as a positive-electrode-active-material 
ingredient, this cell has a charging and discharging characteristic characterized by very flat and 
low polarization in the 4V neighborhood, as shown in drawing 4 . The capacity is about 200 mAh/g 
and is very high. 
[0018] 

[Example]! 3L Water to the cylindrical shape reaction vessel of 15L provided with example 1 
agitator and the overflow pipe After putting in, Having added the sodium hydroxide solution 30%, 
having carried out bubbling of the nitrogen gas by the flow for 0.5L/into the reaction vessel, and 
removing dissolved oxygen until pH was set to 10.9, temperature was held at 50 ** and it stirred 
with constant speed. Next, the mixed liquor of the 1 .7 mol/L nickel sulfate aqueous solution and 
1.5 mol/L cobalt sulfate solution which were mixed so that the atomic ratio of nickel:Co:Mn 
might be set to 1:1:1, and 1.1 mol/L manganese sulfate solution is received in 6 mol/L ammonium 
sulfate solution at mixed water solution capacity. 5% (v/v), in addition, 4wt% hydrazine solution 
was added to the reaction vessel by 10-cc the flow for /to the amount of mixed water solutions 
1.3% (v/v) in order to remove the dissolved oxygen in this mixed solution further. Sodium 
hydroxide was added intermittently 30% and nickel cobalt manganese compound hydroxide 
particles were made to form so that the solution in a reaction vessel may furthermore be set to 
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pH 10.9. 

[001 9] After the inside of a reaction vessel was in the stationary state, nickel cobalt manganese 
compound hydroxide particles were continuously extracted from the overflow pipe, and after 
rinsing, it filtered, and dried at 100 ** for 15 hours, and nickel cobalt manganese compound 
hydroxide which it is in the end of dried powder was obtained. 

[0020]Next f so that an atomic ratio may be set to Li/(nickel+Co+Mn) =1.0 to (nickel+Co+Mn) of 
the obtained manganese nickel compound hydroxide, Weighing of the lithium hydroxide 
monohydrate was carried out, and it fully mixed with nickel cobalt manganese compound 
hydroxide, and in atmospheric air, after 1 5-hour calcination, it ground and the lithium nickel 
cobalt manganese multiple oxide was obtained at 1000 **. 

[0021]The electrochemical characteristics of said obtained lithium nickel cobalt manganese 
multiple oxide were evaluated by creating a coin type cell. In the positive electrode material, 
polyvinylidene fluoride resin (PVDF) which is acetylene black and the binder which are said 
obtained lithium nickel cobalt manganese multiple oxide and a conducting agent was mixed at a 
rate of 88:6:6 by the weight ratio, and the sheet-shaped molded product was obtained to it. And 
pierced this molded product disc-like, it was made to dry at the temperature of 80 ** in a 
vacuum for about 15 hours, and the anode was obtained. The lithium metal fabricated by the 
sheet shaped was pierced disc-like, and it was considered as the negative electrode, the ratio by 
which the electrolysis solution added LiPF6 [ 1 -mol ] to the mixed solvent of ethylene carbonate 
(EC):diethyl carbonate (DEC) =1:1 (volume ratio) using the fine porous membrane of polyethylene 
as a separator — water electrolysis liquid was used. Charge and discharge were repeated for 
this cell for an examination between 2.5-4.7V by the constant current of ten hour rates. The 
charge-and-discharge curve at this time was shown in drawing 4 . 

[0022]The charge-and-discharge capacity of about 200 mAh/g could be obtained the first stage, 
and it turned out that discharge voltage is also 4V class. The electrochemical characteristics 
which have little degradation and in which the capacity drop accompanying a cycle also has it 
were shown. [ still better ] 
[0023] 

[Effect of the Invention]With the manufacturing method concerning this invention, have the layer 
structure of high crystallinity and it belongs to a rhombohedral system, The length of C axis 
which belonged as a hexagonal system is a lithium nickel cobalt manganese multiple oxide which 
is 14.15 A or more, the atomic ratio of nickel, cobalt, and manganese is 1:1:1 substantially, and 
each atom is the single phase uniformly distributed with the atom level, still bigger capacity — 
and the positive active material for nonaqueous electrolyte batteries by which the charging and 
discharging characteristic of high surface smoothness and low polarization nature being shown 
can be obtained. The outstanding rechargeable lithium-ion battery containing this lithium nickel 
cobalt manganese multiple oxide as a positive-electrode-active-material ingredient can be 
obtained. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a SEM photograph of the lithium nickel cobalt manganese compound hydroxide 
produced in this invention. 

[Drawing 2] It is a SEM photograph of the lithium nickel cobalt manganese multiple oxide 
produced in this invention. 

[Drawing 3] It is an X diffraction figure of the lithium nickel cobalt manganese multiple oxide 
produced in this invention. 

[Drawing 4] It is a figure showing the charge-and-discharge curve of the coin type cell which 
used as positive active material the lithium nickel cobalt manganese multiple oxide produced in 
this invention. 



[Translation done.] 
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